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INTRODUCTION

Auroral zone electron precipitation varies over several orders of

magnitude depending on auroral activity. The most obvious visual evidence

of this precipitation is the auroral arc. A typical arc is caused by

B N o

precipitating electrons in the 1-10keV range producing light emission in

the upper atmosphere. Ionization associated with these emissions is

o R e —

detectable using ground based radar equipment such as the Chatanika
incoherent back-scatter radar. As the electrons producing an arc precipi-

tate, they often form a sheet current directed out of the atmosphere. These

S SR

currents and the associated return currents have been termed Birkeland
currents. Measurements by a number of investigators using both sounding
;- rockets (Park and Cloutier, 1971, Casserly and Cloutier, 1975) and
satellites (Zmuda and Armstrong, 1974) have shown the current sheets to

be common features associated with auroral activity. Monitoring of
Birkeland current sheéts requires flight magnetometers of high sensitivity
and a considerable amount of analysis of the flight data. . The purpose

of this work has been to correlate the data from the S$3-2 satellite,

launched in late 1975, with simultaneous data available from the Chata-
3; *nika radar site in order to determine if radar cbservations could provide

ground-based signatures of Birkeland current systems.

;; Mark, R. J. and P. A. Cloutier, Rocket-based measuremert of Birkeland

currents related to an auroral arc and electrojet, J. Geophys. - :
Res.,76, 7714, 1971. i

; Casserly, R. T. and P. A. Cloutier, Rocket-based magnetic observations %
f of auroral Birkeland currents in association with a structural auroral ‘
4 arc, J. Geophys. Res.,80, 2165, 1975.

! Zmuda, A. J. and J. C. Armstrong, Flow pattern of field-aiigned currents,
J. Geophys. Res., 79, 4611, 1974.
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The remainder of this report is divided into several sections. These
sections present a description of some of the previously determined Birke-
land current characteristics and the approach designed to compare the
satellite data with the radar data. Next, the avail.ule data are described
and the analysis techniques are applied. In the final section, fesults

are discussed based on the satellite and radar data and on previous infor-
mation derived from sounding rocket measurements. Conclusions with regard
to the data and recommendations for further data comparisons are made. An
appendix at the end of the report outlines and 1ists the computer codes

developed for use with the data.

. Method

The presence of Birkeland currents has typically been inferred from
measurements by flight magnetometers on polar orbiting satellites or
sounding rockets. Sheet currents associated with an auroral arc tend
to extend in a magnetic east-west direction, often for hundreds of
kilometers. Thus, to a first approximation, the sheet currents may be
regarded as infinite and the variation of the magnetic field due to
-these currents lies in a magnetic east-west direction for currents
directed into or out of the ionosphere. For a magnetometer passing
through such a sheet current the change in the east-west component of
the magnetic field (Bx) is related t6 the magnitude of the current by

the relation:

(1) IABX|= |Jz| oW g where j, is the sheet




.

' current density in ahps/mz, and Aw is the magnetic north-south extent of
the current sheet in meters. For a typical Birkeland current system

consisting of an upward and a downward current sheet (in the z direction)

in close proximity, a flight magnetometer would show a perturbation in
Bx such as that in Figure 1. By measuring the magnitude of the pertur-
bation in Bx and the spatial distance over which it occurs, the magnitude

and location of the current densities can be inferred. Typical current
6

solsible ol 8 st i o b

densities are on the order of 1078 - 107° amps/m2 for a bright arc. These
) densities produce perturbations in Bx on the order of 10 - 100y. Given an
ambient field on the order of 4 . 104Y the task of extracting a small

perturbdtion can be quite difficult, particularly if there are other per-

turbations caused by stray magnetic fields or non-inertial motions of the :
if ‘ spacecraft. Nonetheless, the magnetometer does provide the best method

§2?. for the measurement of Birkeland current systems.

For an auroral arc with an energy spectrum which peaks in the 1-720 keV
i range, measurements have indicated that a significant fraction of the
upward Birkeland sheet current is carried by the incident energetic
electrons (Spiger and Anderson, 1975). It is inferred that the remainder

of the upward current and the return downward current are carried by

oAy

electrons below the energy range measured ( <0.5 keV). Measurements by 1

“other observers also indicate a similar current pattern (Arnoldy, 1974).

P Thus, for an auroral arc, the measurement of energetic particle fluxes 3

I
3
k is also an indication of a Birkeland current system. It should be noted ;

1Y

L, Spiger, R. J. and H. R. Anderson, Electron currents associated with an

auroral band, J. Geophys. Res. 80, 2161, 1975

V Arnoldy, R. L., Auroral particle precipitation and Birkeland currents,
Rev. Geophys. and Space Phys. 12, 217-231, 1974 )
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however, that the statistics on this type of measurement are not high

enough tu relate the magnitude of the sheet current density to the electron

flux at any particular eneray.

One of the principal parameters measured by the incoherent back-

; scatter radar at Chatanika is the electron densitly produced by the
ionizing effect of incident energetic electrons. By measuring jonization

% N as a functior of range and elevaticn, a grid of electron density values

can be constructed as a function of Tatitude, longitude and altitude.
- Once the electron density is known as a function of these parameters,
% the incident energy spectrum may be inferred using a technique analagous
to the deconvelution of multiple energy gamma ray spectra in a scintil-
lation crystal. This technique is described more fully in the paper by
Vondrak and Barron, 1977. The approach originally designed to correlate
the $3-2 data with the radar data was as follows:
a) Magnetometer data on the spacecraft would be used to measure
Birkeland current sheets.
b) Simu]faneous radar coverage would provide electron density
profiles and hence information on the incident energy spectrum.

c) By using the electrostatic analyzer on the spacecraft, the

incident electron spectrum would be measured for comparison with
that darived from the electron density radar data.
d) Through the observation of a large number of passes over the

auroral zone a statistical base can be built up relating the

q‘ 1
o2 current sheet measurements to the measured particle spectra and b
the radar electron density data. These comparisons can then be 3
2 I used to determine:
;
Vo Vondrak, R. R. and M. J. Barron, Rada: measurements of the latitudinal
. variation of auroral ionization, Radio Science 1I, 339, 1976.
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(1) whether the measured particle spectrum agrees with that
inferred from the radar data.
(i1) how the measured particle spectrum correlates with the
measured sheet current density.
(ii1) whether an unambiguous relation then exists between the
Birkeland current confiquration and the electron density

profiles measured by the radar.

Data

A survey of the available data disclosed only two orbital passes near
the Chatanika radar during which both the radar and the appropriate
satellite instruments were operdﬁing. These were orbits 1130 and 1144 of
the $3-2 spacecraft. The original preparation for data handling had
assumed that a considerably larger number of crbits would be available for
analysis and computer codes were devised to handle the magnetic tapes of
particle data. Lacking the reduced particle data until late in the program,
the computer codes were tested using tapes of sounding rocket data and
were found to perform satisfactorily (see Appendix A). Because of the
te]ative]y small amount of data actually available, the two orbits were

inspected using the computer printouts supplied by AFGL.

Orbit 1130

During orbit 1130 the S$3-2 satellite passed appreximately 1° in
longitude west of Chatanika. Auroral activity for this orbit was very

Tow with the K indices for this date (February 24, 1976), being
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Kp = 0+ to 1. Passage of the satellite through the region from 65° N.
Lat. to 68° N. Lat. occurred between times 8:23 and 8:25 UT., During this
time the magnetometer data suppiied by B. Shuman show no evidence of
perturbations 1ndicét1ng a Birkeland current configuration. Radar electron
density measurements made during this timerperiod by R. Vondrak (private
communication) show electron density values of <104 e]./cm3 at all points.
These levels are not significantly different from noise. A survey of the
electrostatic analyzer aata shows no significant particle precipitation
during this passage over the Chatanika region. All sky camera data from
the University of Alaska show no auroral activity either in the Chatanika
area or farther north at Ft. Yukon. A survey of DMSP images revealed no

coverage for this region during this time period.

Orbit 1144

During orbit 1144 the satellite passed approximately 102 in longitude
west of Chatanika. Auroral conditions for this orbit were slightly more
active than for orbit 1130 with Kp indices for this date (February 25,
1976) ranging from 0+ to 2°. Figure 2 shows the ground track of the
satellite relative to the adar observation cite at Chatanika. Magneto-
ﬁeter records from Ft. Yukon indicate very little magnetic activity during
the time period 0816 - 0820 UT when the satellite was passing. A slight
deflection in the Ft. Yukon D axis mwagnetometer of ~ 25y occurs Juring
the time period from 0745 - 0830. Al1 sky camera records from Poker
Flats and Ft. Yvkon show no auroral activity until after 1000 UT when
bright aurorae were noted at Poker Flats. Records show no DMSP images

over the region at this time.
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The flight magnetometer data supplied by B. Shuman shows a slight
deflection in the cast-west component of the magnetic field during the
time period 08:17:27 to 08:19:41, This deflection is shown in Figure 3.
The variation in this component of the field is quite gradual indicating
a broad pair of sheet currents with the downward sheet current lying
equatorward of the upward sheet current. The maximum amplitude of the
variation in Bx is ~ 75¢25y. This general configuration would indicate
that the two sheet currents are adjacent and relatively constant in

current density over the magnetic north-south extent of the system

(65.2° - 70.6%). For a broad current system such as this, the relation

ABx = Aw|jz| yields an approximate value of current density given by:

= = M 5
8B, = 75y = 3.25 * 10° | §, lu,

7 amp/m2

= 1.81 - 10

where the sheet current width Aw is taken as ~ 325km = 3.25 - 105m.

This is a relatively low value of current density as might be
expected from such a spatially diffused current system.

. Particle data for orbit 1144 were supplied by R. Yancour. Since

. the orbit passes to the west of Chatanika, we have assumed that what

auroral activity is present will be aligned in a magnetic east-west
direction, and thus we have correlated the radar, particle and magnetic
observations according to magnetic 1at%tude. In the region of the
downward sheet current, the indicated energetic particle flux is very
low. A pitch angle scan from 08:17:41 -'08:17:51 shows only one count

-7

in one channel implying fluxes <4-10 part./cm2 sr-keV-sec at 16.9 keV.

This distribution was taken near 66° magnetic latitude.

9
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Above 67° magnetic latitude, the energetic electron flux increases
and tends to be greater in the forward hemisphere. A pitch angle dis-
tribution from 08:18:38 - 08:18:48 UT is shown in Figure 4. This scan

occurs at ~ 68.5° magnetic latitude. Flux is averaged over 1-6 keV which

e —————

represents roughly the peak in the energy spectrum for this scan. Average

fluxes range from ]07 part./cm2 sec sr keV at forward angles to

<106 part./cm2 sec sr keV at the backward angles. If we use this pitch

FRRI WIS S

. angle distribution to calculate an average current density jx due to the
. : i ., -
energetic particles, we obtain a value of i, = ZHi{; J(a) cos a sin ada AF =
7 .

1.1 - 1077 amp/m® where J(a) is the flux, o is the pitch angle and

AE is the energy interval covered by the average flux. Note the compari- ;
son between this value and the value of 1.85 - 10'7 amp/m2 derived from

the magnetometer data.

[T LV TN

The incident energy spectrum for this pitch angle scan is shown in

Figure 5. It can be seen that a relative peak in the flux occurs near

s st b

{ 3.3 keV with another increase at low energy. The statistical variations :

are shown by the error bars anc are large due to the low fluxes. This

L et ot i

energy spectrum was averaged over pitch angles 0° - 90°,

The radar data for orbit 1144 were supplied by R. Vondrak. An ele-
vation scan was taken l6oking in a magnetic north direct:on from Chatanika.
The time span covered by the scan was 8:16:02 to 8:24:49 UT. From the raw

data a plot of electron density was made as a function of range and alti-

tude. Figure 6 shows the derived contour plot. The radar indicates a

P

quiet diffuse aurora north of Chatanika. The radar measurements also

allow the ~alculation of the horizontal currents associated with the

! R. R. Vondrak, private communication, 1978.

1
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Figure 4: Pitch angle distribution of electron flux
averaged over the range 1-6 keV.
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. electron precipitation. Figure 7 shows the calculated easteriy and

northerly currents based on the radar data. Note the gradient in current

near 80 km north of Chatanika. . This gradient implies a field-aligned

ol W

AT

current estimated teo produce an ~ 100y variation in Bx at satellite
altituge (R. Vondrak, 1978). The region of siguificant flux from the
particle detectors lies north of the range of the radar for this set of

auroral conditions, thus making a close comparison between radar and

L TNECRI . Wigh 5 93 Str. 2

particle data difficult.

:
4

i
-
'
"
i
A

DI SCUSSION

While the limited data prevents a statistically significant correla-
tion between the satellite and radar data, we feel that a number of results
of this work éan be pointed out and some tentative conclusions drawn. The
magnetometer data indicates a broad current sheet configuration in which
the downward current lies equatorward of the upward current. The upward

current is partially carried by the energetic electrons in the 1-6 keV

range. No evidence is seen for the presence of energetic electrons as

ffj' : major current carriers in the southern current sheet. A similar result

) hés been noted in experiments on bright auroral arcs tens of kilometers
wide using sounding rockets (Casserly and Cloutier, 1975). Fluxes in
these two types of events vary by almost two ordérs of magnitude, yet the
na genera) configuration and makeup of the current sheets appear quite

similar. These two results may indicate that the southern downward return

i L

Casserly, R. J. and P. A. Cloutier, etc. See C.

i <= = n
2k,
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current is generally carried by low energy particles and that a significant
fraction of the upward northern current is carried by the energetic
electrons.

ﬂse of the radar derived currents estimates a variation in Bx of
~100y at satellite altitude. This compares with a measured value by the
flight magnetometer of ~75% 25y. The values are similar although the
center of the geomagnetic latitude of the current sheets as measured by
the satellite (65.2° . 70.6°) Ties well north of the position of the
gradient in the horizontal current as measured by the radar (n65.7).
Lacking all-sky camera data, it is not certain that auroral forms will
be constant through the 10° in longitude that we extrapolate over or that
alignment will coincide exactly along & magnetic east-west direction.

Thus the variation in position of the maximum variation in BX should per-

haps not be taken too seriously.

Use of the radar data to calculate the incident electron spectrum
shows a similar position for the calculated peak in the energy spectrum.
The furthest position north for the radar-derived spectrum is n67.2° geo-
magnetic latitude. This position is near the southern edge’of the northern
current sheet as measured by the satellite. The fluxes are higher by an
order of magnitude than those measured by the satellite, which may
iﬁdicate an auroral arc ferming farther south to the east of the satellite
position and within the radar range.

Based on the satellite observations and the sounding rocket observa-
tions, it appears that the formation of Birkeland current systems is.the
normal situation for stable auroral conditions in the evening sector.
Apparently, a large localized electrojet is not a required condition for

field-aligned current systems. If so, then one can assume that a radar
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indication of particle precipitation from diffuse auroral conditions to

e W e e

bright arcs also indicates the presence of a Birkeland current system.
Although the low fluxes and small field perturbation limits the

accuracy of the result, it is interesting to note the general agreement i

e M

; ‘ between current densities derived from the magnetometer and particle data.
Data from the satellite particle detector extends to a lower energy than

the previous measurements made by sounding rocket (Spiger and Anderson,

[ WO R P

1978), and it would be interesting to see if the lower energy channels
; would indicate a significant return current in more active auroral

conditions.

The current work and previously mentioned sounding rocket experiments

ik S bt s a8 L ki .- AL LT oy et s AL i

both deal with relatively stable conditions in the evening sector. During

g breakup the analysis of current.models becomes much more difficult, although
| sounding rocket data indicates that a relatively simple current structure 3
may persist in breakup conditions (Anderson, 1978). Stable situations tend
to occur again during early morning hours. An interesting problem is whether
the relative location of the upward and return current sheets changes in

the morning sector in conjunction with electrojet reversal.

;;; Based on the data available cdata, the followina tentative conclusions
b ; o are drawn. Because of the low statistical base, these conclusicns should

be considered subject to further verification.

(1) The formatior of Birkeland current systems appears to occur

over a wide range of auroral conditions in the evening sector

B

ranging from subvisual to IBC Il activity. Energetic e]ectroné

Anderson, H. R., private communication, 1978.
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are major current carriers in the northern upward sheet and
lower encrgy particles carvy the majority of the current in

the southern downward sheet.

(2) The spatial relations and current carriers for the current

(3)

sheets_appear to be similar over the same wide range of
conditions although the spatial scale varies qreatly.
Radar indication of a stable evening auroral precipitation
pattern may be a valid indication of the formation of a

Birkeland current system.

A number of suggestions for further data comparisons of interest can be

made as a3 result of this work. Some of these are indicated below.

()

(2)

(3)

Tne techniquaes developed to analyze this data show reasonable agreement

Compare magnetometer, particle data, and radar data (if possible)
over a more continuous range of conditions to determine if the
above conclusions generally apply. Try to select orbits passing
nearer Chatanita and with greater auroral activity.

Mase siwilar comparisons in the morning sector, particularly
after electroject reversal to investigate whether the current
configuration changes. |

Look at the pcsticle and magnetometer data during more active
conditiors Jor evidence of elecirons at the low end of the
particular detector energy range as current carriers for the

downward return current.

between particle detecior and magnetometer results and would be applicable

to further investigations as outlined fn the suggestions above.

e




e W AR g e M Bl ki . My

B Ehad iR Bk
LTt

,m. 13
R R

-
[

(%W#‘uﬂ*a s Baan ey

APPENDIX A

The principal computer program developed for this project was

designed to accomplish several tasks:

1) Extract the particle flux data from magnetic tape and sort
it with respect to time, pitch angle and energy.

2) Select individual scans in pitch angle for further analysis.

3) Calculate the precipitated energy and’or incident electron

current produced by the incident flux.

Actual data from the satellite was received late in the project. As a
result the program was tested using an electron data tape from a sounding
rocket experiment. A1l aspects of the program were found to work
satisfactorily. An inspection of the satellite data available showed a
very limited particle flux for the two available orbits. In addition,
spurious counts during half of the pitch angle scans complicate the
handling of the data. Given these considerations, it was deemed simpler
to process the particle data by hard using the computer printouts

than to obtain and process the actual reduced data tapes. A listing

of the computer progran SISCAN is provided on the foliowing pages. The
program is written in FORTRAN IV for the University of Washington

CDC 6403 computer and should be usable‘on any comparable facility with
minor revisions of input.and output statements. The parameters

EPASS (I) are the energy passbands of the detector. The parameter ACODE
gives the maxmum pitch angle to which the calculations will be made.

This allows the precipitated energy or the current to be calculated for °

Al

!
3
}I
"i
i
E
i
3
3

ol il .

Aot s, 2} e adlt. bt i Fiud




|
1
i
i
|

rd
PRV TN WAREUEY VP

4 ' pitch angles forward of any given value. The enrergy precipitated in

each band is given by ESM(1) in ergs/cmz. :
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: PROGRAM STSCAN( INPUT.CUTPUT,PUNCH,TAPET, TAPE2=PUNCH)
t DIMENSION A(9,1000),55(9,25),DTH(25) ,EPASS(9) 3
: DIMENSION ARRAY(512) i

DIMENSION SUM(9),ESUM(9)

DIMENSION T(11), D(11,48)

DIMENSION SC(9,25),DT(25),SM(9),ESM(9)

b bkttt

h ACODE = 30. E
1 EPASS(1)= 10. .
g EPASS(2)= 10. 3
i EPASS(3)= 186.528*10."(-).) :
: EPASS(4)=30.975 *10.**(-9.) :
| EPASS(5)=23.04  *10.**(-9.) ;
ﬁ EPASS(6)=18.312 *10.**(-9.) 1
: EPASS(7)=10.92  *10.**(-9.) !
o EPASS(8)=2.94  *10.**{-9.) :
N EPASS(9)=1.064  *10.**(-9.)

i
3
|
,.‘
|

37

14
13

IER = 0

DO 10 I=1. 905
CALLREADBLK(1,1,512,ARRAY, IRETURN)
IF (I.LE. 810)10,37

CONTINUE

DO 12 L=1 N

T(L) = ARRAY(49*(L-1) +1)

IF {L.EQ.11)12,14

DO 13 N=1,48

D(L,NY= ARRAY(49*(L-1) + N+1)
CONTINUE

IF (D(:.,24).LE.0.1) GO TO 21

IX= 10%(I- 811)+L-1ER

A(1,IX)= T(L)

A(2,IX)= D{\.,24)

A(3,1X)= D(L,22)

= D(L,¢5h)
= D(L,28]
= D(L,31)
= D(L,34)
= D(L,37)
A(9,1X)= D(L,40)

PRINT 56, IER

FORMAT(16)

CONTINUE

CONTINUE . .
FORMAT(9E9.2,17)

DO 15 NX=1,40

15 PRINT 47, (A(NO,NX),N0=1,9),IER
HP=0 ‘
DO 315 MO=1,25 y

315

MS = MO+HP ,
IF(A{2,M5+2) .GE.A(2,MS+1) .AND.A(2,MS+1) .LE.A(2,N5))GO TO 449
CONTINUE

449 1NT

450

NT =0
00 451 WNI=1,25
00 452 NJ=1,9
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452 SS(HJ,NI) = A(HINS+IT+14INT)
PRINT G55, (SS(IV,NI), 1Y =1,9)
IF(N1.EQ.1)GO TO 451
IF(SS(2,NI) . LE.SS(2,RI-1))453,45]

55 FORMAT(9L10.2)

453 MOP = NI-1
INT = INT + NI -1
G0 TO 4o0

451 CONTINUE

460 DTH(1) = S5(2,1)

DG 461 MK=2,MOP
DTH(NK) = SS{2,NK)-55(2,NK-1)

461 CONTINUE
DO 464 Ni=3,9
SUM(NiN)= 0.0
MOQ =MOP-1
D0 462 KM = 1,MOQ
IF (WM.EQ.1)GO TO 302

OTF(HM.GT. 1. AND.SS(2,NM
(N, HM=1)=0.0

) .GV. ACOUE.AND.SS{2,NM-1).GE.ACODF)SS
IF(NM.GT.1.AND.SS(2,Ni) .GE. ACODE.AND.SS(2,NM-1).LT.ACODE)J01,802
+

BO10SS(NN,NM) =SS(NN,Ni-1)+(ACODE-SS(2,NH-1))* (SS(NN NM)-SS( NN, Ki-1))/

1(SS(2,ni)-SS(2,htl-1) )
$S(2,Ni4)= ACODE
IF (SS(2,NM-1).EQ,ACODE) SS(WN,NM) = 0.
802 CONTINUE
OSUM(iN) = SUM{KN)+SS{NN,NM)*STiv (SS(2,NM)/37.29 )*C0OS(SS(2,NM)/57.
129 )*(DTH(AM)+DTH(0+1))/(2.0%57.29)
462 CONTINUE
OSUM(HN)= SUM(NN)+ SS{ilt,MOP)*SIN(SS(2,M0P)/57.29 )*COS(SS(2,MOP)/
157.29 )*DTH(MOP)/(2.0*57.29 )
464 ESUM({NH) = SUM{NN)*EPASS(NN)*6.2832
PRINT 470 ,SS(1,1),55(2,1),55(2,1M0P),ESUM
WRITE (2,499) SS(1.1), (ESUM(KL).KL=3.9)
470 FORIMAT(F7.3,2X,2F7.2
GO TO 480
480 DO 481 NQ= 1,25
DO 482 WP = 1,9
482 SC(HP,HQ)= A(iNP,MS+INT+NQ+1)
PRINT 55,(SC(1Z,NQ),12=1,9)
IF {NQ.EQ.1)G0 TO 431
IF (SC(2,NQ).GE.SC(2,NQ-1))483,431
433 MOB=nN2-1
INT=INT+NQ -1
GO TO 4% .
42 CONTIWUL
490 LT(MOB)= SC(2,M03)
MB= MOB-1
DO 491 J0=1,M3
‘DT(J0) = SC(2,J0)-5C(2,00+1)
491 CONTINUE ,
DO 494 MN=2,9
SM(MM) = 0.0
DO 492 NY=2,MOB
IF (HY.EQ.MOB) GO TO 495
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IF (SC(2,iY) .GT.ACODE.AND.SC(2,NY+1).GE.ACODE) SC(ifM,NY)= 0.0

(
IF (SC(2,NY).GE.ACODE.AND.SC(2,NY+1) .LT.ACODE) 496, 495
496USC (MM, 1Y) = SC(MA,NY+T)+(SC(MM,NY)-SC(MM,NY+1) ) *(ACODE-SC(2,NY+1))/
1(SC(2,iY)-SC(2,NY+1))
SC(2,NY)= ACOUF
49405M(MM) =SI(MM) +SCMM, HY ) *SIN(SC(2 ,NY)/57.29)*COS(SC(2,NY)/57.29)*(D

TT(HY)+DT(NY-1))/(2.0%57.29)
492 CONTINUE

494 ESH(iMM)= SM(MM)* EPASS(MM)*ov.2832
PRINT 470, SC(1,1),SC(2,1),SC(2,M0B) ,ESM
WRITE (2,499) bC(] ),( ESM(IK),IK=3.9)
499 FORMAT(F8.3,2X,7E10.2)
GO TO 450
END
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